In May 1999, satellite transmitters were deployed on three lactating female Australian fur seals (Arctocephalus pusillus doriferus) at Kanowna Island (39° 10' S, 146° 18' E) and at-sea movements were recorded for 65 -174 days. The mean foraging trip and on-shore durations (8 and 2 days, respectively) were not significantly different to that previously reported for the species. The seals all foraged in three separate areas of Bass Strait with each individual repeatedly returning to the same general location. Movements during foraging trips fell into two distinct patterns. In one pattern, displayed by two individuals, the females travelled directly to a presumed foraging area. In this trip type, outward and return travel consisted of relatively constant headings at moderate speed (1.37 ± 0.07 m/s) while the middle phase was characterised by repeated changes in direction within a small area and significantly lower speeds (0.82 ± 0.07 m/s). The second pattern, displayed by the third individual, consisted of a looping path with relatively uniform average speed (1.14 ± 0.06 m/s) throughout the trip. The three foraging areas were: 1) inshore area between Wilsons Promontory and Lakes Entrance; 2) offshore in proximity to The Skerries; and 3) up to 200 km south of Wilsons Promontory in central Bass Strait. The foraging areas used by these seals overlap with regions of commercial fishing effort raising the potential for some conflict.
TO understand the role of a top-level predator within an ecosystem it is necessary to have an understanding of its foraging behaviour, including feeding areas and diet. This is particularly true for central place foragers that are limited in their range and, therefore, may be greatly influenced by fluctuations in local food availability. Such is the case with otariid (fur seals and sea lions) females nursing pups. Most otariid seals give birth annually to a single pup during the breeding season (late October -late December) (Boyd 1991) with lactation lasting 10 -11 months during which the pup is primarily dependent on the mother for nutrition. Because mothers have to regularly return to the natal colony to nurse their pup, they are limited in the time they can spend at sea and, therefore, in their foraging range. Consequently, adult females are the segment of the population that has the greatest impact on the local marine ecosystem and, along with their pups, are also most likely to be affected by fluctuations in local food availability (either natural or human induced). For example, local reductions in food availability caused by El NinoSouthern Oscillation (ENSO) events have been shown to greatly decrease maternal body condition, provisioning rates, pup growth rates and weaning success (e.g., Trillmich et al. 1986; Trillmich and Ono 1991) .
The oceanic waters of southeastern Australia are home to substantial numbers of Australian fur seals (Arctocephalus pusillus doriferus) that are found on nine breeding colonies and many non-breeding haulouts (Warneke and Shaughnessy 1985) . A. p. doriferus is the largest of the fur seal species, with adult females and males weighing on average 76 kg and 279 kg, respectively, and represents the greatest biomass of any apex marine predator in the Bass Strait region (Shaughnessy and Warneke 1987) . The species is recovering from past exploitation and is currently increasing throughout its range at 2 -19.7% per year. (Pemberton and Kirkwood 1994; Shaughnessy et al. 1998; Arnould and Littnan 2000; Littnan and Mitchell 2002) .
Fur seals are capable of ranging hundreds of kilometres within several days in search of food (Harcourt and Davis 1997; Boyd et al. 1998; Bonadonna et al. 2000; Georges et al. 2000) . Consequently, commercial activities (e.g., fishing, oil drilling) and fluctuations in foraging conditions (either natural or man-made) in locations far removed from breeding colonies may have direct impacts on them. Yet recent studies, using dive recorders with geolocation capabilities, indicate that female A. p. doriferus, unlike their congenerics, forage entirely over the continental shelf and mostly within 100 km of their colony (Arnould and Hindell 2001) . However, while dive records show dive behaviour, they do not reveal foraging location and geolocation technology can yield only an approximate position (Bradshaw et al. in press) . Therefore, studies using more accurate technologies are necessary to determine foraging range and behaviour and the potential for fisheries overlap. This paper reports on the satellite tracking and at-sea movements of lactating A. p. doriferus.
METHODS
The study was conducted on Kanowna Is. (39° 10' S, 146° 18' E) in northern Bass Strait. The island consists of a large granite dome (~ 800 m x 300 m; 80 m high) covered with dense tussock grass at higher elevations and hosts a large colony of A. p. doriferus (annual pup production ca 1,600) that is thought to be increasing slowly (4% per annum; JPY Arnould, unpubl. data). The nearest continental shelfedge (200 m contour) to the island is 150 km and 280 km to the east and west, respectively.
Three adult female A. p. doriferus observed nursing pups were selected at random and captured using a modified hoop-net (Fuhrman Diversified, Flamingo, TX, U.S.A.). Upon capture, each animal was administered an intra-muscular injection (~ 0.15 mg/kg) of the sedative Midazolam (Hypnovel ® , Roche Products Pty Ltd, Dee Why, NSW, Australia). Once the sedative had taken effect, the seal was transferred to a restraint board (Gentry and Holt 1982) , weighed using a spring scale (200 ± 0.5 kg), and measured (straight-line length) to the nearest centimetre with a tape measure. Individual numbered plastic tags (Super Tags ® , Dalton, Woolgoolga, Australia) were then placed in the trailing edge of both fore-flippers.
A Telonics ST-18 UHF platform terminal transmitter (PTT; Telonics Inc., Mesa, AZ, U.S.A.) packaged by Sirtrack (Sirtrack Ltd, Havelock North, New Zealand; 13 cm x 6 cm x 4 cm) was glued directly to the fur on the dorsal midline of each seal using quick-setting epoxy (RS Components, Corby, U.K.). To assist in relocating the animals at the colony, a small VHF transmitter (Sirtrack Ltd, Havelock North, New Zealand; 6 cm x 3 cm x 2 cm) was also glued next to the satellite transmitter.
The at-sea locations were plotted on a Mercator projection using ArcInfo Version 8 (ESRI, Redlands, California). The data were then divided into individual foraging trips by comparing the departure and return times estimated from the PTT locations. These were confirmed with the records of VHF transmitters picked up by an automated scanning receiver and data-logger at the colony. Following the methods in Boyd et al. (1998) , all locations classified A or B were discarded and the remaining locations were corrected for erroneous data by a software filter assuming a maximum average swimming speed of 3 m/s (Ponganis et al. 1990; McConnell et al. 1992) . The time spent at-sea within particular areas was determined to a resolution of 100 km 2 grid squares. Bearing, distance, and time were calculated between consecutive at-sea locations and, assuming an average velocity for travel, the time spent in each grid was recorded.
RESULTS
Satellite tracking data was obtained from each individual for 65 -174 days. A summary of the deployment details is presented in Table 1 . Two of the seals were recaptured and their PTTs recovered. The remaining seal was not recaptured and the PTT continued to transmit until the battery failed. A total of 31 foraging trips were recorded over the deployment period (8 -15 per individual) with a mean foraging trip duration of 7.9 ± 1.9 days and attendance periods ashore 2.1 ± 0.3 days.
The number of satellite uplinks established by the PTTs was much greater than that anticipated based on previous studies with earlier models. A total of 1491 at-sea locations were obtained from the three seals. A total of 1,262 location data (classes: 0 = 679, 1 = 477, 2 = 80, and 3 = 26) remained after filtering. A summary of the performance of the satellite tracking system is presented in Table 2 . There was an average of 46 locations obtained per trip (range of individual means: 18 -76), though the number of locations determined per trip varied greatly within and between individuals (range: 8 for Seal 10988 -124 for Seal 10990). On average, 5.8 ± 1.3 locations were determined for each animal per day it was at sea.
The high number of good quality locations obtained enabled the movements of the seals to be accurately plotted. Examples of the tracks made by individual seals are presented in Fig. 1 Mean swimming speed over entire foraging trips did not vary significantly (F 30,2 = 2.55, P = 0.095) between individuals (1.06 ± 0.50 m/s; all trips combined). However, swimming speed varied significantly throughout the course of the foraging trips for females 10988 and 10990. When total distance traveled was plotted against time for these two seals, inflection points were clearly visible which corresponded to the start and end of three distinct phases: 1) leaving; 2) middle; and 3) return (Fig. 2) . Both outward and return travel were characterised by relatively direct paths and moderate swimming speeds (1.37 ± 0.07 m/s) whereas the middle phase involved repeated changes in direction within a small area and significantly (F 2,38 = 26.90, P < 0.001) lower swimming speeds (0.82 ± 0.07 m/s) ( Table 3) . Based on these observations it was assumed that the middle phase of each trip represented periods of intensive foraging behaviour. This assumption is supported by the observation that more good quality uplinks were obtained during the middle phase of each foraging trip in comparison to the outward and return travel phases. Animals moving on a direct path at high speed usually travel using a porpoising mode of swimming (Ponganis et al. 1990 ; pers. obs.) which is less likely to allow sufficient time for uplink with the satellite. In contrast, during periods of extensive diving, animals spend relatively longer periods of time at the surface during inter-dive intervals (Arnould and Hindell 2001) which would enable more uplinks with the satellites and provide better quality location data. There were no apparent phases to the trips of seal 10989 and there was no significant variation in velocity throughout her foraging trips (mean velocity 1.14 ± 0.06 m/s; over all trips).
The plot of total time at-sea spent in particular areas by the three seals (Fig. 3) reflects the data on travelling speed (middle phases of foraging trips coincide with the areas of greatest time spent), suggesting these were areas of high foraging activity. The seals foraged almost entirely (30 of 31 foraging trips) over the shallow Bass Strait platform (continental shelf) which has a generally uniform bathymetry and maximum depths ~100 m. Seal 10988 traveled close to shore in depths of 10 -80 m but appeared to forage (greatest time spent/greatest However, due to the close proximity of the shelf edge and the potential error in the PTT locations it is difficult to determine if the seal was actually utilizing the shelf edge. Regardless, seal 10990 spent only a small portion (2.7%) of her total time at sea in this area. 
DISCUSSION

Foraging ranges and at-sea movements
The animals used in this study were considered healthy representatives as they were in good physical condition and within the normal weight range for Australian fur seals (41 -113 kg; Shaughnessy and Warneke 1987) . Foraging trip duration and on-shore bouts in this study were similar to previous observations of 6.8 d and 1.7 d, respectively, for the species at this location (Arnould and Hindell 2001) . Therefore, it appears that the foraging cycles of these animals were not adversely affected by the attachment of the PTT's.
Two main points can be drawn from the results: 1) the strong fidelity of seals to particular foraging areas; and 2) inter-individual variation in at-sea movements. Though limited in the time they can spend at sea by the need to return to the natal colony to suckle their pup, female A. p. doriferus travel great distances during foraging trips. Maximum foraging distances were within the maximum ranges reported in other Arctocephaline species (e.g., A. forsteri 220 km (Harcourt and Davis 1997); A. gazella 547 km (Bonadonna et al. 2000) ; A. phillipii 889 km (Francis et al. 1998) ). However, unlike most other fur seal species, the individuals in this study travelled long distances yet foraged, except for one instance, entirely over the continental shelf. This is consistent with the findings of Arnould and Hindell (2001) who showed with that A. p. doriferus forage almost exclusively within Bass Strait.
Two main foraging trip types were observed: circular path; and direct path trips. The seal effecting the circular type swam steadily, covering a large area. Such a foraging strategy is consistent with that expected by a predator foraging in area of patchily distributed prey (Krebs 1978) . The Australian fur seal is a generalist predator feeding on a wide range of benthic, mid-water and near shore species (Gales et al. 1993; Gales and Pemberton 1994; Bradshaw et al. in press ). Similar style foraging trips have also been reported in another generalist predator, the southern sea lion (Otaria flavescens) (Thompson et al. 1998 ).
The two seals that made the direct path foraging trips displayed a high degree of site fidelity and their trips were characterised by higher velocities during the outward and return phases of the trip with slower velocities in the middle. Upon leaving the colony the females headed to and from preferred foraging areas. The observation that seals varied their swimming speed throughout the duration of these foraging trips is consistent with findings in Antarctic (A. gazella) and subantarctic (A. tropicalis) fur seals (Boyd et al. 1998; Bonadonna et al. 2000; Georges et al. 2000) . This was not the behaviour we expected to observe as it is indicative of feeding on prey that is in predictable aggregations or locations. The known prey items of A. p. doriferus are usually patchily distributed (Kailola et al. 1993) and, therefore, this species should maximize foraging success by foraging throughout the trip and not swim to particular areas (McConnell et al.1992) .
The average travelling speeds on the outward and return leg of the trips, for females on the direct path foraging trips was considerably lower than in A. gazella (a smaller species with mean mass of 35 kg; Bonadonna et al. 2000) from Iles Kerguelen (2.0 m/s). A. gazella, which also follow a direct path strategy and do not begin making foraging dives until they reached their selected foraging areas (Bonodona et al. 2000) . In contrast, Arnould and Hindell (2001) observed in 13 female A. p. doriferus from Kanowna Is. that foraging dives commenced soon after leaving the colony (mean 2.6 h). While it is possible that the two seals undertaking direct paths in the present study did not follow the same diving strategy as those in Arnould and Hindell's (2001) study, their lower travelling speeds may suggest that they were indeed foraging while travelling to their preferred feeding areas. For example, the seals may have been descending and ascending at a low angle and in a consistent direction (and/or travelling during the bottom phase of the dive in a consistent direction) to maintain higher speeds during the outward and return phases of the trip. The gradual change observed in the maximum depths of sequential dives during parts of most foraging trips made by A. p. doriferus (Arnould and Hindell 2001; J.P.Y. Arnould, unpubl . data) strongly supports such a scenario. In order to test whether these seals would have been able to make foraging dives during the direct paths of their trips, we applied the following model. For each seal we determined the average depths in which the seals were travelling from bathymetric maps, and used the average dives per hour (8.1) and dive duration (174 s) from Arnould and Hindell (2001) . In the extreme case, the maximum possible surface velocity was calculated by assuming the animals dived vertically with no horizontal component to the dive, no bottom time and they descended and ascended at equal speeds. Using the formulas: where V is the horizontal (hor) or vertical (vert) speed; T is vertical travel time, horizontal travel time, or total travel time between points; and X is the total horizontal distance between points. Under this extreme case, we calculated that the combined maximum average surface velocity for females 10990 and 10988 would have been 1.84 ± 0.11 m/s. This is below the observed maximum sustainable swimming speeds of otariid seals (3 m/s; Ponganis et al. 1990) and indicates that seals 10990 and 10988 could have been diving, or foraging, during the majority of their time at sea. If this was the case, the question remains as to why these individuals showed high fidelity to particular areas? It is possible that seals were focussing on particular bathymetric, or other oceanographic, features when selecting forage areas. However, we could find no bathymetric or oceanographic features in the areas selected by the seals, which further supports A. p. doriferus being a generalist predator.
Potential for fisheries interactions
Arctocephalus p. doriferus feed on a broad range of fish and cephalopod species and recent diet data shows that several species taken by Australian fur seals are caught as target commercial species or as bycatch (Gales et al. 1993; Gales and Pemberton 1994; Bradshaw et al. in press) . The overlap of prey species is clear and results from this study indicate there is also a likelihood of seals and fisheries utilising the same regions at sea. Little fishing effort (> 25 kg/km 2 /yr) occurs in central Bass Strait the area covered by seal 10989 (Goldsworthy et al. in review) . However, the two individuals that foraged to the northeast of Kanowna and near the continental shelf edge are approaching an area of high fishing effort within the South-East Trawl Fishery (J.W.P. Larcombe, pers. comm.). In this region, fishing effort ranges between 100 -> 800 kg/km 2 /yr with fisheries both on and off the shelf (Goldsworthy et al. in review) . Considering the areas visited by two of the seals, the number of commercially fished species in the seals diet, and the population increases across the northern colonies of A. pusillus (Shaughnessy et al. 1998; Arnould and Littnan 2000; C.L. Littnan, unpubl. data) there is a clear potential for conflict with fisheries, highlighting the need for more extensive studies of the foraging area of this species.
